The clinical patterns of stroke and the angiographic distribution of cerebral atherosclerosis in Chinese people are different from those in whites. Studies relating carotid atherosclerosis and vascular risk factors to various types of stroke in Chinese people are lacking.
Subjects and Methods
The study population comprised 367 consecutive Chinese patients (222 men, 145 women) with acute ischemic stroke who were admitted to National Taiwan University Hospital between July 1990 and October 1993.
Stroke was defined as a rapidly developing episode of focal loss of cerebral function with symptoms lasting more than 24 hours and with no apparent cause other than that of vascular origin. Patients with any of the following were excluded: intracerebral hemorrhage, subarachnoid hemorrhage, transient ischemic attack, and embolic stroke from rheumatic heart disease or brain tumors. Patients with liver, biliary, renal, or thyroid diseases were also excluded because these illnesses might influence lipid and lipoprotein metabolism.
Based on clinical characteristics and brain computed tomography (CT) and/or magnetic resonance imaging (MRI) studies, the stroke was classified into four subgroups: cortical infarction (CI), subcortical infarction (SCI), vertebrobasilar artery infarction (VBAI), and cardioembolic infarction (CEI). The strokes were subtyped without knowledge of the ultrasonographic results. The CI subgroup was composed of patients with clinical evidence of stroke with cortical deficits whose brain CT and/or MRI studies showed an infarct involving the cortex of the carotid artery territory without evidence of cardiogenic source of embolus. The SCI subgroup was composed of patients whose brain CT and/or MRI studies showed a small infarct in the subcortical areas of the carotid artery territory that was responsible for the stroke. Patients with combined cortical and subcortical involvement, as seen on the images, were included in the CI subgroup. The VBAI subgroup consisted of patients with clinical evidence of neurological deficits in the territory of posterior circulation and compatible findings on brain CT and/or MRI. CI with evidence of emboli that resulted from cardiogenic conditions was classified as CEI. These cardiogenic conditions include atrial fibrillation or flutter, valvular heart disease excluding rheumatic heart disease, prosthetic heart valve, recent (<6 weeks) myocardial infarction, endocarditis, and ischemic cardiomyopathy.
A detailed history of potential vascular risk factors and conditions assumed to be associated with carotid atherosclerosis was obtained from each patient and from the medical records. Included were age, sex, history of hypertension, diabetes mellitus, previous stroke, cigarette smoking (>10 cigarettes daily for >10 years), and alcohol drinking. After a 10-hour overnight fast, a venous blood sample was drawn from each patient on the second day of admission (usually within the first 7 days after ictus) for the measurement of serum levels of blood glucose, uric acid, cholesterol, triglyceride, lowdensity lipoprotein cholesterol, and high-density lipoprotein cholesterol. On a standard chest roentgenogram, cardiomegaly was defined as a cardiothoracic ratio >50%. Left ventricular hypertrophy (LVH) on electrocardiogram (ECG) was defined as voltage of SV t plus RV 5 of >3.5 mV with ST-segment and T-wave changes of left ventricular strain. Ischemic heart disease was coded as present if the patient had a history of myocardial infarction or angina pectoris and/or old myocardial infarction or ischemic changes on the ECG.
An ultrasonographic assessment of ECCA atherosclerosis was carried out in every patient. A Diasonics DRF 400 duplex ultrasound system with a 7.5-MHz scanning frequency in real-time B-mode and 3.0-MHz scanning frequency in pulsedDoppler mode was used for the evaluation. The duplex scanning was performed by trained physicians or an experienced ultrasonographer while the patient was lying in the supine position. Scan images were recorded on super VHS videotapes and were interpreted independently by two different readers (B.-S.H. and J.-S.J.) who were blinded to the stroke subtypes.
The extent and severity of ECCA atherosclerosis in each patient were evaluated by two indexes: plaque score and maximum stenosis. The plaque scoring system is a modification of the method of Sutton et al. 12 The examination included longitudinal and transverse views of the proximal common carotid artery (>20 mm proximal to bulb bifurcation), distal common carotid artery (<20 mm proximal to bulb bifurcation), carotid bulb bifurcation areas, internal carotid artery, and external carotid artery bilaterally. A grade was assigned for each chosen segment: grade 0, normal or no observable plaque; grade 1, one small plaque with diameter stenosis <30%; grade 2, one medium plaque with 30% to 49% diameter stenosis or multiple small plaques; grade 3, one large plaque with 50% to 99% diameter stenosis or multiple plaques with at least one medium plaque; and grade 4,100% occlusion. The plaque score was computed by summing the plaque grades at each of the segments of the ECCA. The assessment of the degree of stenosis was based on the kilohertz shift, the waveform, and the real-time B-mode images. Percent stenosis was computed by measuring the residual lumen diameter and the original diameter at the site of maximal stenosis in each segment of the arteries and dividing the difference by the original diameter. Stenosis >50% was also defined in the presence of peak systolic frequency >2.4 kHz (or peak systolic velocity > 1.248 m/s). The maximum stenosis, selected by the maximum percent stenosis of the ECCA in each patient, was coded as follows: no lesion, mild to moderate stenosis (<50%), and severe stenosis (>50%).
Statistical analyses were performed using the SAS package. 13 Analysis of variance with Scheffe's test was used to detect the difference in continuous risk factors among the subgroups of stroke. The Mantel-Haenszel x 2 t e s t was applied to examine the difference in categorical risk factors among the subgroups of stroke. Multivariate linear regression with stepwise procedure was used to fit the best model for the extent of ECCA atherosclerosis.
Results
This analysis comprised 367 patients with ischemic stroke. Each patient underwent brain CT and/or MRI studies at least once. Of these, 96 (26%), 177 (48%), 61 (17%), and 33 (9%) patients were included in the CI, SCI, VBAI, and CEI subgroups, respectively.
The clinical characteristics of the four subgroups are shown in Table 1 . Patients in the VBAI subgroup were younger than the other subgroups (mean age). The VBAI subgroup included more male patients than the CEI subgroup. History of diabetes mellitus was more frequently found in the CI subgroup. Presence of cardiomegaly on chest roentgenogram and LVH on ECG were more frequently seen in the CEI subgroup. In regard to the other vascular risk factors, including hypertension, previous stroke, alcohol drinking, serum levels of blood glucose, uric acid, hematocrit, lipid, and lipoproteins, our data showed no significant differences among these subgroups.
Of the total of 367 patients, 48 patients (13%) had severe carotid stenosis (>50% stenosis or occlusion), 179 patients (49%) had mild to moderate carotid stenosis (1% to 49% stenosis), and 140 patients (38%) had no carotid stenosis (Table 2) . A further division in each stroke subgroup revealed that 32% of the CI subgroup, 21% of the CEI subgroup, 7% of the VBAI subgroup, and 3% of the SCI subgroup possessed severe carotid stenosis. The CI and CEI subgroups had significantly more severe carotid stenosis than the SCI (P<.05) or the VBAI (P<.05) subgroups. There was no significant difference in maximum stenosis between the CI and CEI subgroups (P=.23).
The extent of ECCA atherosclerosis is presented in Table 3 . The mean plaque scores of the CI, SCI, VBAI, and CEI subgroups were 5.3, 2.0, 2.4, and 2.9, respectively. The plaque score was significantly higher in the CI patients than in the SCI patients (P<.001), the VBAI patients (/>=.002), and the CEI patients (P=.O2). There was no significant difference in the plaque score among the SCI, VBAI, and CEI subgroups. Age, male sex, LVH on ECG, diabetes, and cholesterol emerged as independent predictors of the extent of ECCA atherosclerosis in multivariate analyses (Table 4 ).
Discussion
The pathogenesis of ischemic stroke, including atherothrombosis of the larger arteries, arteriosclerosis of the smaller arteries, cardiac or arterial embolization, and hemodynamic ischemia, is heterogeneous. 5 Therefore, the atherosclerotic pattern of the cerebral arteries and the associated risk factors may be different in the various types of ischemic stroke. Large-artery thrombosis was estimated to cause approximately 40% of all ischemic strokes in the Harvard Cooperative Stroke Registry study.
14 Information from the Stroke Data Bank indicates that after thorough investigation, ap- proximately 24% of ischemic strokes can be attributed to large-artery stenosis or thrombosis, and 31% are considered to be lacunar infarction. 15 Cl is characterized by large-artery atherosclerosis.
2 - 1618 We used SCI instead of lacunar infarction because the definition of lacunar infarction varies from study to study and because the clinical manifestations of some patients were not typical lacunar syndromes or their neuroimages did not show typical sites for lacunar infarction. Lacunar infarction remains a controversial entity 19 because deep infarcts can also be caused by large-artery occlusion, emboli, or intracranial branch atheromatous occlusion in addition to a small penetrating artery disease, as originally described by Fisher.
20
- 21 We thought that the subgroup of SCI in this study might include supratentorial lacunar infarction.
Autopsy and angiographic studies have shown that ECCA disease is frequently seen in cortical or nonlacunar infarction and infrequently in lacunar infarction. 22 However, these studies were subject to bias toward highly selected patients with more severe or vulnerable conditions. Only a few studies have enough samples that are unbiased to provide sufficient data regarding the extent and severity of atherosclerosis of cerebral arteries in the different types of ischemic stroke. High-resolution carotid duplex scanning has been widely recognized as a noninvasive, reproducible, and accurate method of evaluating ECCA atherosclerosis. The sensitivity of duplex scanning in the detection of carotid stenosis is high (88% to 95%) 2325 ; the accuracy of duplex (79% to >90%) was established by a blind comparison with angiography.
-26
We used 50% stenosis as the cutoff point because lesions of <50% diameter reduction carry a very low risk of stroke 23 ' 27 and a high degree of carotid stenosis is significantly correlated with ischemic stroke, progressing carotid artery stenosis, and ischemic heart disease. 232731 Many published reports have demonstrated that racial differences exist in the distribution of cerebral atherosclerosis in stroke victims. Whites tend to have more extracraniai vascular lesions, whereas Orientals and blacks tend to have more intracranial vascular lesions. 9 However, these results are primarily based on angiography or autopsy. Only a few studies have used carotid ultrasonography to evaluate the degree of carotid artery atherosclerosis in different subtypes of stroke. Boiten and Lodder 16 found that 37% of 94 patients with Cl had ipsilateral internal carotid artery stenosis of >50%. Only 13% of 103 patients with lacunar infarction had ipsilateral internal carotid artery stenosis of >50%. Tegeler et al 17 yielded similar results, in which 41% of 54 patients with nonlacunar infarction and 13% of 55 patients with lacunar infarction had ipsilateral internal carotid artery stenosis of >50%. Our data disclosed that 32% of Cl patients and 3% of SCI patients possessed severe carotid stenosis. Significant carotid stenosis (>50% stenosis) was nine times more prevalent in patients with Cl compared with patients with SCI. The findings that the severity of ECCA atherosclerosis was more prominent in Cl than in other types of ischemic infarction have been shown again in the Chinese patients.
The methods for the quantitation of the extent of ECCA atherosclerosis were introduced recently. 1232 We used a scoring system, modified from the method of Sutton et al, 12 to present the extent of ECCA atherosclerosis in our stroke patients. The plaque score showed a significant trend toward higher scores in the Cl subgroup than the other subgroups. There was no significant difference in the ECCA plaque score among the SCI, VBAI, and CEI subgroups. The extent of ECCA atherosclerosis, reflecting generalized atherosclerosis, has been found to correlate better with vascular risk factors than the severity of the disease. 3233 In this group of stroke patients, age, male sex, LVH on ECG, diabetes, and cholesterol level were the independent predictors of the extent of ECCA atherosclerosis in multivariate analyses.
Hypertension is a well-established risk factor for stroke and is presumed to be the most common risk factor for lacunar infarction. Fisher 2021 originally suggested that the smaller penetrating intracranial vessels are often damaged by hypertension. Seventy-five percent of patients clinically diagnosed as having lacunar infarction in the Harvard Cooperative Stroke Registry had hypertension.
14 In the present study, except for the CEI subgroup, the percentage of hypertension in the other subgroups was equally high (61% to 66%). This might indicate that hypertension contributes similarly to large-and small-artery diseases in the Chinese stroke patients.
Diabetes imparts a definite independent risk of atherosclerosis and atherothrombotic brain infarction. 34 -35 Many studies have failed to find a correlation between diabetes or blood glucose levels and Cl and lacunar infarction. 14161736 However, our analysis revealed that a history of diabetes was more prevalent in the Cl subgroup than in other subgroups.
A number of investigations relating blood lipids and lipoproteins with CVD have been reported; however, the results are inconsistent. 37 - 40 Some recent investigations have suggested that separation of ischemic CVD into subgroups may help to elucidate this association. 21639 In the Akita Pathology Study, serum cholesterol levels were positively associated with Cl and inversely associated with cerebral hemorrhage. 2 The data of Adams et al 39 showed that patients with lacunar infarction had higher concentrations of high-density lipoprotein cholesterol than patients with Cl. Our results did not show significant differences in blood lipids and lipoproteins among the subgroups of stroke but only disclosed that cholesterol was an independent risk factor for the extent of ECCA atherosclerosis.
In conclusion, our study revealed that severe carotid stenosis in Chinese patients with Cl is not uncommon; however, the frequency of carotid stenosis is quite low in patients with SCI.
